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(57) ABSTRACT 

Tubes within a radiant heating section of a coking furnace 
are arranged differently than in a single vertical column and 
connected together in a simple, planar serpentine pattern. 
The tubes are arranged in a plurality of oflfeet or staggered 
vertical columns. This arrangement permits the upper tubes 
to be close to the radiant heat source and allows the tube 
bends connecting adjacent tubes to be of greater radius, so 
that the pressure at which the feedstock is passed through the 
tube bundle can be lower allowing more vaporization of the 
cracked process fluids. 

32 Claims, 3 Drawing Sheets 




24 24- / 23- 



m 9 2005 



U.S. Patent Feb. 8, 2005 Sheet 1 of 3 US 6,852,294 B2 




100 



14 

16 
17 



29- 



34 



19 



22< 



12 




FIG. 1 
3 



11^21 




FIG. 2 



r 30 



>36 



Y19j 



35 



MAR 9 2005 



U.S. Patent Feb. 8, 2005 Sheet 2 of 3 US 6,852,294 B2 




MAR 9 



U.S. Patent Feb. 8, 2005 Sheet 3 of 3 



US 6,852,294 B2 




MAR 9 2005 



US 6,852; 

1 

ALTERNATE COKE FURNACE TUBE 
ARRANGEMENT 

FIELD OF THE INVENTION 5 

The present invention relates to apparatus and processes 
for heating feedstocks in cracking heaters, and more par- 
ticularly relates, in one embodiment, to apparatus for heating 
feedstocks in delayed coking processes by radiant heating. 
In a more particular aspect the present invention relates, in 10 
another embodiment, to a heater for use in heating the 
coking feedstock that is introduced into the coking drum in 
a delayed coking process and a novel coke furnace tube 
configuration. 

15 

BACKGROUND OF THE INVENTION 

It is well known that coking is a severe thermal cracking 
process in which one of the end products comprises carbon, 
i.e. coke. The delayed coking process was initially devel- 
oped to minimize refinery yields of residual fuel oil by 20 
severe cracking of feedstocks such as vacuum residuals and 
thermal tars to produce coke and lower molecular weight 
hydrocarbons. U.S. Pat. Nos. 4,049,538 and 4,547,284, the 
disclosures of which are incorporated herein by reference, 
show examples of delayed coking processes. 25 

It is also well recognized that the delayed coking process 
generally involves heating the feedstock in the conduit or 
tubing of a tube heater to a temperature above the cracking 
temperature while feeding the feedstock at a high velocity 
through the conduit. The optimum operation involves the 
use of feed rate such as to minimize the actual formation of 
carbon in the heated conduit of the tube heater. The tube 
heaters are often referred to interchangeably as coker heaters 
or coker pre heaters and the terms are similarly used inter- 
changeably in this description. 

In U.S. Pat. No. 4,049,538 a coker preheater is illustrated 
diagrammatically as item number 11. In U.S. Pat. No. 
4,547,284 a coker heater is illustrated diagrammatically as 
item number 25. The heated feedstock at the coking tem- ^ 
perature is passed from the heating zone to a coke drum 
wherein preferably the majority of the coke formation takes 
place. In the insulated coke drum, or surge drum, a sufficient 
residence time allows the coking to take place. Typically, the 
heated coking feedstock has been heated to a temperature 45 
sufficient to maintain the coking in the drum, i.e. tempera- 
ture in the range of about 750 to about 975° F. (399 to 524° 
C). As the process proceeds, coke accumulates in the coking 
drum and is later removed by techniques known in the art. 

Although much effort has been devoted in the past to 50 
providing conditions that will allow for the delayed coking 
feedstock to be heated to the cracking temperature without 
the formation of undesirable carbon deposits in the conduits 
or tubes of the coker heater, carbon deposition in the 
conduits of the coker heater still continues to be a problem. 55 

As coke deposits in the conduit of the tube heater, the flow 
of feedstock through the heater is restricted. The restriction 
of flow can lead to increased residence time that in turn can 
lead to the deposition of additional coke. The coke deposits 
in turn tend to insulate the tube so that more heat must be $q 
applied to achieve the same rate of heating of the feedstock. 
In addition, the coke deposits cause the tubes to become 
much hotter. All these factors obviously tend to encourage 
the formation of still more coke within the tube of the tube 
heater further exacerbating the problem. 65 

If the temperature of the tube increases enough, a tube 
rupture can occur. The likelihood of tube rupture is also 
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aggravated by the fact that the feed must be pumped at 
ever-higher pressures as the flow is restricted by coke 
deposition in the tubes of the heater. The combination of 
exposing the tubes to higher temperatures and higher pres- 
sures greatly increases the probability of tube rupture and 
total shut down of the delayed coking process. 

Because of the formation of coke deposits in the tubes of 
the heaters, operators of coke furnaces in the past have had 
to periodically shut down the operation and remove the coke 
that had been formed within the tubes of the heater. 

It would be desirable if a cracking heater such as a coke 
furnace could be devised to minimize coke deposition within 
the heater tubes and increase the efficiency with which the 
feedstock in those tubes is heated. If such a furnace could be 
devised which additionally has reduced volume, this addi- 
tional characteristic would be advantageous. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a typical schematic diagram of the refining 
process including a coker; 

FIG 2 is a cross-sectional side view of a coker heater 
containing an embodiment of the present invention; 

FIG. 3 is a cross-sectional front view of a coker heater 
containing an embodiment of the present invention; 

FIG. 4 is a diagram of one tube layout within a coking 
furnace according to the present invention in a non-limiting 
embodiment; 

FIG 5 is a diagram of the tube layout within a coking 
furnace according to the prior art using the same number of 
tubes as in FIG. 4; and 

FIG 6 is a diagram of one embodiment of a tube layout 
within a coking furnace according to the present invention 
showing portions of different arrangements; 

It will be appreciated that the Figures are not necessarily 
to scale and that certain features are exaggerated to show 
detail, unless otherwise noted. It is also appreciated that any 
equipment not directly or critically related to the present 
invention is not shown in the drawings. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an improved delayed coking process in which the 
tendency for coke to be deposited in the tubes of the coke 
heater is greatly reduced. 

It is another object of the present invention to provide a 
more efficient coke heater for a delayed coking process. A 
related object of the invention is to provide a coke heater that 
allows for a reduced residence time of the coking feedstock 
in the heater. 

Still another object of the invention is to provide a coke 
healer that can be operated for extended periods of time 
without having to be taken off-line for coke removal. 

Another object of the invention is to provide a coke heater 
that can provide the desired level of heating with a coke 
furnace of less overall height. 

In carrying out these and other objects of the invention, 
there is provided, in one form, a cracking heater that has an 
enclosed housing including a substantially parallel front and 
back, a pair of substantially parallel sides which are per- 
pendicular to the front and back and a top and bottom 
providing a continuous enclosure, at least one heat source, 
and an exhaust duct. The cracking heater also has a tube 
bundle including a plurality of continuous horizontal tubes 
parallel to the pair of sides, where the horizontal tubes are 
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sequentially linked together by a plurality of tube bends and heater configuration, thus reducing pressure drop through 
where at least a portion of the tubes are arranged in a otherwise equivalent tube banks or bundles. In one non- 
plurality of vertical columns and are horizontally offset from limiting embodiment of the invention, 4 inch (10 cm) 
one another. A feedstock is carried through the tubes begin- nominal long radius tube bends have a radius of twelve (12) 
ning at a first end of the tube bundle and exiting at a second 5 inches or greater (30.5 cm or greater) center to center as 
end of the tube bundle. opposed to standard designs using nominal short radius 

bends with 8 inches (20 cm) center to center. It will be 

DETAILED DESCRIPTION OF THE appreciated that conventional "short radius" 180 degree 

INVENTION return bends measure two times nominal diameter center to 

in center. Thus, in a non-limiting example, 4" (10 cm) nominal 

It has been discovered that by staggering the tubes in a « ^ shon radius 

return bend is 8 inches (20 cm) center to 

coking furnace, particularly a double-fired coker heater, that center Shoft fadius mbes afe al] ^ in « strai ht in 

a number of advantages may be obtained. Coking furnaces line » radiam sectiorjs . Conversely, conventional "long 

or coker heaters are peculiar in refining operations. Factors radius „ m d returQ bends m considered t0 measure 

such as heat flux patterns, coke deposition, vaponzation of 3 nominal diamete rs center to center. Thus, for 4" (10 cm) 

the cracked liquid fluid as it passes through the tubes, and ^ DQminal mbeSj ^ dimension ^ 12 irjches (30 5 cm) nis 

retention time in the heater coil tubes above critical coking a5ility gives advantages . Lo Wer pressur e mean s 

temperatures all have tremendous impact on the success of more process fluid vaporizatiorj of CTacked product) mcreas . 

operations. mg velocity in the bottom tubes and reducing the duration of 

It will be appreciated that the invention is not limited to retention or residence time in the furnace at which the fluid 

the arrangement of tubes in a coking furnace but could be temperature is high enough to possibly deposit coke in the 

applied to and used in any cracking heater. Cracking heaters heater tubes. Longer radius return bends also can result in 

may include, but are not necessarily limited to, coking i ower erosion rates during decoking operations at the same 

furnaces, thermal crackers, ethylene crackers, visbreakers, velocities and particle loading, and thus improve coil life, 

and the like. Although the invention will be described herein ^ staggere d tube design of the instant invention also 

with particular reference to coking furnaces, it will be - permits a reduction in height and volume of the fire box or 

understood that this is only for the purpose of illustrating the radiant heal sectioo of the coking fu rnacej which reduces 

invention with respect to a particular, concrete embodiment, cost ^ fire box could be reduced in size a5out one . third 

and does not necessarily limit the scope of the invention. to about OQe -fourth of the typical, conventional size, 

In a further particular embodiment of the invention, it will 3Q depending on the exact embodiment of the invention used, 

be appreciated that the invention will find its greatest utility a shorter fire box is more efficient because there is less 

in the radiant heating portion of a cracking heater. By radiant surface area and less heat loss. Fabrication costs would be 

heating portion it should be understood that the primary reduced due to using less material. The costs for the foun- 

method of heat transfer is by radiation as contrasted with dation of the coking furnace would also be reduced since the 

other methods, such as by convection. Stated another way, 35 coking furnace would weight less. 

the inventive apparatus and process are best practiced in a ^ i nven tion will be described in more detail with 

portion of a cracking heater where the primary method of respect to certain non-limiting embodiments shown in the 

heat transfer is by radiation and not convection. Figures. FIG. 1 shows a refining process 100 including a 

It has been discovered that staggering the tube columns in coker. The crude oil is taken from the crude oil storage tank 

various parts of the coking furnace, particularly the radiant 40 1 and pumped through the initial crude heater 2. It is then run 

tube section of a double-fired coker heater permits manipu- through an initial distillation tower 3 where the components 

lation of the heat flux between groups of tubes. For instance, are separated into butane and lighter 4, straight run gasoline 

upper tubes in a radiant section farther from the burners 5, naphtha 6, kerosene 7, light gas oil 8, heavy oil 9 and 

often have conduction as the main heat transfer mechanism, straight run residue 10. 

rather than radiant heat transfer. Staggering the orientation 45 The products of the initial distillation are then further 

of the upper tubes can bring them lower in the furnace so that refined, used in other processes, or stored until shipped to a 

more of the heat transfer to these tubes is radiant. As a result, purchaser. The straight run residue 10 is pumped to the coker 

more heat duty would be picked up by these lowered tubes heater n Ins j de the coking furnace 11, straight run residue 

and in which the fluid has not yet reached temperatures at io is heated to a temperature of in between about 800 and 

which coke is rapidly deposited. If more heat is picked up in 50 a b ou t 1000° F. (427-538° C). Ideally the outlet temperature 

the upper radiant section that is less prone to coking, the ^ about 920 0 F. (493° C.) at the outlet, in one non-limiting 

furnace would not have to be fired as strongly, and the outlet embodiment. From the coking furnace 11 the product is then 

tubes which have a greater tendency to coke deposition have pumped into one of two coke drums 12 where the coke is 

a lower heat flux— thus decreasing the rate of coking. allowed to form. The filling of the coke drums 12 is 

Staggering the tubes in some portions of the radiant heat 55 alternated so that once a drum is full it is allowed time to 

section and not in others permits manipulation of critical cool and the coke is allowed to solidify inside. The coke is 

peak to average heat flux around the diameter of the tubes. then cut and removed from the coke drum 12. During the 

For instance, by positioning the tubes according to the cooling and cutting cycle, the feedstock from the coking 

method of the invention, one can take advantage of the furnace 11 is fed into the opposite coke drum 12. Residual 

benefits of a staggered design in sections where slightly 60 gases and vapor coming from the coke drums 12 are then 

higher peak to average flux is not a difficulty, and reverting taken over to the fractionator 13 which separates the product 

to the conventional single straight column in sections where into C 4 and lighter 14, gasoline 15, naphtha 16 and gas oil 

analysis finds it to be more important. Thus, the staggering 17. These products are then piped onto further processing, 

pattern of the instant invention permits flexibility of design stored or used to operate the refinery, 

and more design control for the designers. 65 FIG. 2 shows a cross-sectional side view of a cracking 

Staggering the tubes according to the present invention heater or coking furnace 11 containing the present invention, 

also permits the use of longer radius return bends in the same Coking furnace or coker heater 11 Ls an enclosed housing 
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having substantially parallel front wall 30 and back wall 31, 
and a pair of substantially parallel sides 32, 33 (shown in 
FIG. 3) which are substantially perpendicular to the front 30 
and back 31, and a top 34 and bottom 35 thus providing a 
continuous enclosure. The feedstock enters the coking fur- 5 
nace 11 through the heater inlet (first end) and convection 
section (not shown) and then to the radiant section 22 inlet 
21. Radiant section 22 does not solely transmit heat to the 
feedstock in tubes 18 by radiant means, but does so pre- 
dominantly by radiation, and thus this section 22 is termed 10 
a radiant section. Feedstock then flows through the radiant 
section 22 heater tubes 18. The plurality of horizontal heater 
tubes 18 are connected by a plurality of long radius bends 19 
located at the ends of the heater tubes 18. The end of a heater 
tube 18 toward the front wall 30 is a front end 28, and the 15 
heater tube 18 end toward the back wall 31 is a back end 29. 
As noted, the generally horizontal heater tubes 18 are 
sequentially linked by the tube bends 19. The feedstock then 
leaves the coking furnace 11 at the heater outlet (second end) 
20. The overall height of the coking furnace radiant section 2 n 
22 of cracking heater structure 11 is shown as dimension A. 
The alternate tube arrangement of the invention permits A to 
be reduced from that of a conventional coking furnace. 
Although FIG. 2 shows that the feedstock enters the top of 
the coking furnace 11 (heater inlet 21 is at the top) and exits 2 s 
the bottom of the coking furnace 11 (outlet 20 is at the 
bottom), the invention is not necessarily limited to this 
configuration, although this is the more conventional flow 
direction. It is anticipated that the invention could be used in 
a design where the feedstock flows the other direction. 30 

FIG. 3 shows a cross-sectional view of a coking furnace 
11 containing the present invention. The heater tubes 18 and 
the long radius bends 19 which connect them are located in 
the center of the coking furnace 11 in two vertical columns, 
although it will be appreciated that the invention anticipates 35 
a plurality of vertical columns, not necessarily only two. It 
will further be appreciated that the vertical columns of tubes 
18 are not necessarily strictly vertical but are only generally 
vertical in arrangement. For instance, the tube bundle por- 
tion 37 shown in the upper part of FIG. 6 are within the 40 
scope of the invention, even though they are not truly 
vertical. The heater tubes are generally parallel to the sides 
32 and 33 of the coking furnace 11. The heater tubes 18 as 
viewed "end on" in FIG. 3 are horizontally and vertically 
displaced from the heater tubes 18 in the other column, and 45 
thus have a "staggered" configuration with respect to each 
other. The particular heater tubes 18 in FIG. 3 are shown 
with a 12-inch (30.5 cm) displacement B between 4"(10cm) 
diameter heater tubes 18 and the long radius bends are at a 
60° angle C from each other. In other words, an angle C is 50 
formed between the center of one tube 18 as the vertex 
extending to the two closest tubes 18 in the vertical column 
adjacent the tube (but displaced vertically and horizontally 
therefrom to give the "staggered" appearance), where the 
angle C is less than 180°. If C was zero degrees, the tubes 55 
are filly side-by-side, and if C was 180 degrees C would be 
current, straight vertical in-line design. A possible preferred 
version would have an angle range between 80 and 40 
degrees. In another non-limiting preferred angle range C 
may range from about 70° to about 50°. All of the tubes 18 60 
may be collectively known as a tube bundle 36. 

Also shown in FIG. 3 are burners 24 and flames 25 located 
on each side of the tube bundle, between the tube bundle and 
the side walls 32 and 33 of the coking furnace 11. The 
burners 24 are supplied with fuel by the fuel lines 23. The 65 
flue gas 26 from the burners 24 is shown exiting the coking 
furnace radiant section 22 of coking furnace 11 via exhaust 
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duct 27 typically to the coking furnace 11 convection 
section. Exhaust duct 27 is any channel or mechanism or 
device useful in removing flue gas 26 from the coking 
furnace 11 and need not be a conventional duct having a 
rectangular cross-section. 

It will be appreciated that in the particular embodiments 
shown in FIGS. 2 and 3 that the tube bundle 36 is in the 
radiant heating section 22 of the coking furnace 11. 

FIG. 4 shows the tube bundle 36 of twenty-five (25) 
heater tubes 18 in accordance with the present invention. As 
discussed with respect to FIG. 3, the angle between the long 
radius bends 19 is indicated by C. The spacing between the 
heater tubes 18 is indicated by dimension B. FIG. 4 was 
drawn to scale to show an angle C of 60° and spacing B of 
12 inches (30.5 cm) with 4 inch (10 cm) diameter heater 
tubes 18, in one non-limiting embodiment. 

FIG. 5 shows a heater tube 18' arrangement of the prior art 
drawn to the same scale as FIG. 4 and also using 25 tubes. 
FIG. 5 is additionally drawn to show 4 inch (10 cm) diameter 
heater tubes 18' with a spacing B' of 8 inches (20 cm). It will 
be appreciated that using the alternate coking furnace tube 
arrangement of the invention shown in FIG. 4 with two 
offset vertical columns that an appreciably shorter tube 
bundle containing the same number of tubes 18 would 
occupy about 148 inches (3.76 m) of vertical height D. In 
contrast, where tubes 18 r are arranged in one vertical column 
as is conventional, the tube bundle 36' has a vertical height 
D' of about 196 inches (4.98 m). Stated another way, using 
the alternate tube arrangement of the invention, the vertical 
height of the tube bundle 36' can be reduced to approxi- 
mately 75% of its initial height. 

It will be appreciated that staggering or offset positioning 
of the tubes 18 permits the size of the coking furnace U to 
be reduced, and also increases the radiant heat transfer to the 
upper rubes 18 in the tube bundle 36 by bringing these tubes 
closer to the heat source. Alternatively, the coking furnace 11 
may not have to be fired as hard to heat the feedstock. As 
discussed above, an overall effect of the inventive arrange- 
ment of the heating tubes 18 is to decrease the rate of 
undesirable coking or deposition of solids within the tubes 
18. 

Additionally, as noted, the inventive tube arrangement 
permits the use of longer radius tube bends. In the to-scale 
drawing of FIG. 4, not only is dimension B, the vertical 
distance between tubes 18 in a vertical column greater (12" 
or 30.5 cm in this non-limiting example), but the distance E 
between the tubes 18 taken along the direction of the tube 
bend 19 is also 12" (30.5 cm) in this non-limiting example). 
That is, the radius of the tube bend 19 can be larger, such as 
12" (30.5 cm) or more. It will be appreciated, however, that 
it is not necessary for dimension B and dimension E to be 
equal. It just happens that in the embodiment of the inven- 
tion shown in FIGS. 3 and 4 looking at the tube bundle 36 
and tubes 18 in cross-section the tubes 18 form a vertical 
column of alternating equilateral triangles where not only is 
angle C 60°, but all angles of the three nearest tubes 18 are 
also 60°. 

For instance, it is entirely possible that distance E could 
be 16 inches (40.6 cm) for an even longer radius tube bend 
19, but distance B between adjacent tubes 18 in one of the 
vertical columns to still be 12 inches (30.5 cm). In this 
embodiment, angle C would be less than 60° (about 44°). 
The triangles formed by tubes 18 would not be stacked, 
alternating equilateral triangles, but rather stacked, alternat- 
ing isosceles triangles. 

In the foregoing specification, the invention has been 
described with reference to specific embodiments thereof, 
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and is expected to be effective in providing methods and 
apparatus for heating coking feedstock in a coking furnace 
with an alternate heating tube arrangement that is more 
efficient and less prone to coke deposition in the tube bundle. 
However, it will be evident that various modifications and 5 
changes can be made thereto without departing from the 
broader spirit or scope of the invention as set forth in the 
appended claims. Accordingly, the specification is to be 
regarded in an illustrative rather than a restrictive sense. For 
example, specific combinations of conventionally arranged, JQ 
single-column planar serpentine tube bundles with double 
vertical staggered columns of tubes in accordance with this 
invention may be used. Further, tube bundles having differ- 
ent dimensions B, C, D, and E from those illustrated and 
discussed may be used. Indeed, it will be appreciated that 
these dimensions may vary within the same tube bundle 15 
design and that the overall tube bundle would still be within 
the scope of the invention as claimed. It is possible to 
envision a tube bundle where each progressive tube bend 
increases in diameter along the flow path as the feedstock 
temperature increases, or conversely decreases. For 20 
instance, FIG. 6 illustrates one non-limiting example of a 
tube bundle 36" in accordance with this invention that has 
the same number of tubes (25) as in FIGS. 4 and 5, where 
there is an upper tube bundle portion 37 with tube bends 19 
of varying radii. Within such a portion, dimensions B, C, D, 2 s 
and E would change with each pair of adjacent tubes 18. 
Within the same bundle 36", middle tube bundle portion 38 
with tube bends 19 of same radii in two straight columns 
would be similar to the embodiment shown in FIG. 4, where 
as tube bundle portion 39 with tubes 18 in conventional 3Q 
single column as is in conventional as shown in FIG. 5. 
I claim: 

1. A cracking heater comprising: 

an enclosed housing comprising a substantially parallel 
front and back, a pair of substantially parallel sides, 35 
which are perpendicular to the front and back and a top 
and bottom providing a continuous enclosure; 

at least one heat source; 

an exhaust duct; and 

a tube bundle comprising a plurality of continuous hori- 40 
zontal tubes parallel to the pair of sides, the horizontal 
tubes sequentially linked together by a plurality of tube 
bends and where at least a portion of the tubes are 
arranged in a plurality of vertical columns and are 
horizontally offset from one another, wherein a feed- 45 
stock is carried through the tubes beginning at a first 
end of the tube bundle and exiting at a second end of 
the tube bundle. 

2. The cracking heater of claim 1 where at least one heat 
source is located on each side of the tube bundle between the 50 
tube bundle and the respective side. 

3. The cracking heater of claim 1 where the tubes have a 
nominal radius and where the tube bends have a radius of 
greater than twice the nominal radius. 

4. The cracking heater of claim 1 where the feedstock is 55 
carried through the tubes beginning at the top of the tube 
bundle and exiting at the bottom of the tube bundle. 

5. The cracking heater of claim 1 where in the portion of 
the tubes in the plurality of vertical columns, an angle C is 
formed between the center of one tube as the vertex extend- 60 
ing to the two closest tubes in the vertical column adjacent 
the tube, where the angle C is less than 180°. 

6. The cracking heater of claim 5 where within each 
vertical column adjacent tubes are separated by a distance B, 
and within each pair of tubes linked by a tube bend there is 65 
distance E separating the tubes in the direction of the tube 
bend, where E is greater than or equal to B. 



7. The cracking heater of claim 5 where for all tubes in the 
portion of the tubes in the plurality of vertical columns, the 
angle C is less than 180°. 

8. The cracking heater of claim 5 where the angle C is 
between about 80° and 40°. 

9. The cracking heater of claim 1 where the cracking 
heater is a coking furnace and where the portion of the tubes 
in the plurality of vertical columns resides in a radiant 
heating section of the coking furnace. 

10. The cracking heater of claim 1 wherein an upper 
portion of the tube bundle has tube bends of varying radii. 

11. A cracking heater comprising: 

an enclosed housing comprising a substantially parallel 
front and back, a pair of substantially parallel sides, 
which are perpendicular to the front and back and a top 
and bottom providing a continuous enclosure; 

an exhaust duct; 

a tube bundle comprising a plurality of continuous hori- 
zontal tubes parallel to the pair of sides each with a 
front end and a back end, the horizontal tubes linked 
together by a plurality of tube bends at the front end and 
the back end and arranged in a plurality of vertical 
columns and horizontally offset from one another, 
wherein the feedstock is carried through the tubes 
beginning at a first end of the tube bundle and exiting 
at a second end of the tube bundle, where in the portion 
of the tubes in the plurality of vertical columns, an 
angle C is formed between the center of one tube as the 
vertex extending to the two closest tubes in the vertical 
column adjacent the tube, where the angle C is less than 
180°; and 

at least one heat source disposed between the tube bundle 
and each of the sides. 

12. The coking furnace of claim 11 where the tubes have 
a nominal radius and where the tube bends have a radius of 
greater than twice the nominal radius. 

13. The cracking heater of claim 11 where the feedstock 
is carried through the tubes beginning at the top of the tube 
bundle and exiting at the bottom of the tube bundle. 

14. The cracking heater of claim 11 where within each 
vertical column adjacent tubes are separated by a distance B, 
and within each pair of tubes linked by a tube bend there is 
distance E separating the tubes in the direction of the tube 
bend, where E is greater than or equal to B. 

15. The cracking heater of claim 11 where for all tubes in 
the portion of the tubes in the plurality of vertical columns, 
the angle C is less than 180°. 

16. The cracking heater of claim 11 where the cracking 
heater is a coking furnace. 

17. The cracking heater of claim 11 where the cracking 
heater is a coking furnace and where the portion of the tubes 
in the plurality of vertical columns resides in a radiant 
heating section of the coking furnace. 

18. The coking furnace of claim 11 where the portion of 
the tubes in the plurality of vertical columns extends the 
entire height of the tube bundle. 

19. A delayed coking charge heater for heating a coker 
feedstock comprising: 

a first convection section; 

a second radiant section adjacent to said first convection 
section; said second section transmitting heat to said 
feedstock predominantly by radiant means; 

a heating conduit in said radiant section comprising a 
plurality of horizontal heater tubes located in the center 
of the coking heater and horizontally vertically offset 
from one another so as to form double vertical col- 
umns; 
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wherein said heater tubes are sequentially linked by tube 

bends so as to form a tube bundle; and 
a plurality of burners located on each side of said heater 

tubes. 

20. A heater according to claim 19 wherein said heating 
conduit comprises a plurality of continuous and generally 
horizontal tubes sequentially linked together by a plurality 
of tube bends extending from a heater inlet at the top of said 
radiant section to an outlet at the bottom of said radiant 
section. 

21. A heater according to claim 20 wherein at least a 
portion of said tubes are arranged in two offset vertical 
columns having a serpentine pattern. 

22. A heater according to claim 21 wherein said heater 
tubes are horizontally and vertically displaced so as to have 
a stage red configuration. 

23. A heater according to claim 19 wherein said heating 
conduit comprises a plurality of continuous and generally 
horizontal tubes sequentially linked together by a plurality 
of tube bends extending from an upper portion of said 
radiant section to outlet tubes in the lower portion of said 
radiant section. 

24. A heater according to claim 23 wherein said plurality 
of continuous and generally horizontal tubes sequentially 
linked together by a plurality of tube bends have a serpentine 
pattern. 

25. A heater according to claim 24 wherein said plurality 
of continuous and generally horizontal tubes sequentially 
linked together by a plurality of tube bends are horizontally 
and vertically displaced so as to have a staggered configu- 
ration. 

26. A heater according to claim 19 wherein said burners 
are located in a lower portion of said radiant section on each 
side of the conduit, between the conduit and the side walls. 

27. A delayed coking heater for heating a coking feed- 
stock comprising: 
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a first convection section; 

a second radiant section adjacent to said first convection 
section, said second section transmitting heat to said 
feedstock by radiant means; 

5 

a feedstock heater inlet at the bottom of said radiant 
section; 

a heating conduit in said radiant section comprising a 
plurality of horizontal heater tubes where at least a 

10 portion of said heater tubes are arranged in a plurality 
of vertical columns and are horizontally and vertically 
offset from one another and where said horizontal tubes 
are sequentially linked by tube bends to allow flow of 
feedstock from the bottom to the top of said heater; 

15 a heater outlet at the top of said radiant section; and 

a plurality of burners located in a lower portion of said 
radiant section on each side of said heater tubes. 

28. A heater according to claim 27 further comprising a 
20 plurality of conventionally arranged single column planar 

tube bundles. 

29. A heater according to claim 27 wherein said heating 
conduit comprises double vertical staggered columns. 

30. A heater according to claim 29 further comprising a 
25 plurality of vertical columns. 

31. A heater according to claim 27 wherein said heating 
conduit comprises a plurality of continuous and generally 
horizontal tubes sequentially linked together by a plurality 
of tube bends extending from a heater inlet at the bottom of 

30 said radiant section to an outlet at the top of said radiant 
section. 

32. A heater according to claim 31 wherein at least a 
portion of said tubes are arranged in two offset vertical 
columns having a serpentine pattern. 

35 
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Also enclosed with this paper are: 
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• a copy of the Preliminary Amendment filed on June 5, 2003, which added 
claims 25-38. 

Additionally enclosed with this paper is a petition under 37 CFR § 1.136 for a 
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1 .17(a)(3) for the extension, the extra claim fee under 37 CFR § 1 . 16Q) for new claim 39, 
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AMENDMENT TO THE CLAIMS: 



1 . [Currently Amended] A cracking heater comprising: 

an enclosed housing comprising a substantially parallel front and back, a pair of 
substantially parallel sides, which are perpendicular to the front and back 
and a top and bottom providing a continuous enclosure; 
at least one heat source; 
an exhaust duct; and 

a tube bundle comprising a plurality of continuous horizontal tubes parallel to the 
pair of sides, the horizontal tubes sequentially linked together by a 
plurality of tube bends and where at least a portion of the tubes are 
arranged in a plurality of vertical columns and are horizontally and 
vertically offset from one another, wherein a feedstock is carried through 
the tubes beginning at a first end of the tube bundle and exiting at a second 
end of the tube bundle. 

2. [Original] The cracking heater of claim 1 where at least one heat source is 
located on each side of the tube bundle between the tube bundle and the respective side. 

3. [Original] The cracking heater of claim 1 where the tubes have a nominal 
radius and where the tube bends have a radius of greater than twice the nominal radius. * 

4. [Original] The cracking heater of claim 1 where the feedstock is carried 
through the tubes beginning at the top of the tube bundle and exiting at the bottom of the 
tube bundle. 

5. [Original] The cracking heater of claim 1 where in the portion of the tubes in 
the plurality of vertical columns, an angle C is formed between the center of one tube as 

3 
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the vertex extending to the two closest tubes in the vertical column adjacent the tube, 
where the angle C is less than 180°. 

6. [Original] The cracking heater of claim 5 where within each vertical column 
adjacent tubes are separated by a distance B, and within each pair of tubes linked by a 
tube bend there is a distance E separating the tubes in the direction of the tube bend, 
where E is greater than or equal to B. 

7. [Original] The cracking heater of claim 5 where for all tubes in the portion of 
the tubes in the plurality of vertical columns, the angle C is less than 180°. 

8. [Original] The cracking heater of claim 5 where the angle C is between about 
80° and 40°. 

9. [Original] The cracking heater of claim 1 where the cracking heater is a 
coking furnace and where the portion of the tubes in the plurality of vertical columns 
resides in a radiant heating section of the coking furnace. 

- 10: — [Currently Amended] A cracking heater comprising: 

an enclosed housing comprising a substantially parallel front and back, a pair of 
substantially parallel sides, which are perpendicular to the front and back 
and a top and bottom providing a continuous enclosure; 
an exhaust duct; 

a tube bundle comprising a plurality of continuous horizontal tubes parallel to the 

pair of sides each with a front end and a back end, the horizontal tubes 

linked together by a plurality of tube bends at the front end and the back 

end and arranged in a plurality of vertical columns and horizontally and 

vertically offset from one another, wherein the feedstock is carried 

through the tubes beginning at a first end of the tube bundle and exiting at 

4 
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a second end of the tube bundle, where in the portion of the tubes! the 

plurality of vertical columns, an angle C is formed between the center of 

one tube as the vertex extending to the two closest tubes in the vertical 

column adjacent the tube, where the angle C is less than 180°; and 

at least one heat source disposed between the tube bundle and each of the sides. 

*H". [Original] The coking furnace of claim 10 where the tubes have a nominal 

radius and where the tube bends have a radius of greater than twice the nominal radius 

H 

j [Original] The cracking heater of claim -1 O where the feedstock is carried 

through the tubes beginning at the top of the tube bundle and exiting at the bottom of the 
tube bundle. 

/ • /' 

/ tf Br [Original] The cracking heater of claim -l O^vhere within each vertical column 

adjacent tubes are separated by a distance B, and within each pair of tubes linked by a 

tube bend there is distance E separating the tubes in the direction of the tube bend, where 

E is greater than or equal to B. 
/ ^.-1-4: [Original] The cracking heater of claim-1 0-where for all tubes in the portion 

of the tubes in the plurality of vertical columns, the angle C is less than 180°. 
J -1-5-. [Original] The cracking heater of claim-l-Owhere the cracking heater is a 
coking furnace. 

j • J .-1 6-. [Original] The cracking heater of claim-10-where the cracking heater is a 

coking furnace and where the portion of the tubes in the plurality of vertical columns 

resides in a radiant heating section of the coking furnace. 

1 1, -1-7-. [Original] The coking furnace of claim 49-where the portion of the tubes in 

the plurality of vertical columns extends the entire height of the tube bundle. 

1 8. [Withdrawn] A process for heating a feedstock comprising: 

5 
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providing a cracking heater having: 

an enclosed housing comprising a substantially parallel front and back, a 
pair of substantially parallel sides, which are perpendicular to the 
front and back and a top and bottom providing a continuous 
enclosure, 
at least one heat source, 
an exhaust duct, and 

a tube bundle comprising a plurality of continuous horizontal tubes 

parallel to the pair of sides, the horizontal tubes sequentially linked 
together by a plurality of tube bends and where at least a portion of 
the tubes are arranged in a plurality of vertical columns and are 
horizontally offset from one another; and 
carrying a feedstock through the tubes beginning at a first end of the tube bundle 
and exiting at a second end of the tube bundle. 

1 9. [Withdrawn] The process of claim 1 8 where carrying the feedstock through the 
tubes is accomplished beginning at the top of the tube bundle and exiting at the bottom of 
the tube bundle. 

20. [Withdrawn] The process of claim 1 8 where in providing the cracking heater, 
the portion of the tubes in the plurality of vertical columns, an angle C is formed between 
the center of one tube as the vertex extending to the two closest tubes in the vertical 
column adjacent the tube, where the angle C is less than 180°. 

2 1 . [Withdrawn] The process of claim 1 8 further comprising maintaining the 

cracking heater by cleaning out coke deposited inside the tubes where the maintaining is 

performed at a time interval less frequently than on identical number of identical tubes in 

6 

USSN 09/872,390 
Response to OA 10282003 

MAR 9 2005 



a cracking heater where all of the tubes are arranged in a single vertical column operated 
at identical temperature. 

22. [Withdrawn] The process of claim 1 8 where in providing the cracking heater, 
the tubes have a nominal radius and where the tube bends have a radius of greater than 
twice the nominal radius. 

23. [Withdrawn] The process of claim 1 8 where in providing the cracking heater, 
cracking heater has a height which is less than the height of a cracking heater where all of 
the tubes are arranged in a single vertical column. 

24. [Withdrawn] The process of claim 1 8 where in providing the cracking heater, 
the heat transfer to the feedstock is more efficient as compared with the heat transfer in a 
cracking heater where all of the tubes are arranged in a single vertical column operated at 
identical temperature. 

j3 . -25r [Currently Amended] A delayed coking charge heater for heating a coker 
feedstock comprising: 

a first convection section; 

a second radiant section adjacent to said first convection section; said second 
section transmitting heat to said feedstock predominantly by radiant 
means; 

a heating conduit in said radiant section comprising a plurality of horizontal 

heater tubes located in the center of the coking heater and horizontally and ) 
vertically offset from one another so as to form double vertical columns; 

wherein said heater tubes are sequentially linked by tube bends so as to form a 
tube bundle; and 

a plurality of burners located on each side of said heater tubes. 

7 
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Notice of Fee Increase on October 1, 2004 

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then the 
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because some fees will 
increase effective October 1 , 2004. See Revision of Patent Fees for Fiscal Year 2005 : Final Rule . 69 Fed. Reg, 52604, 
52606 (May 10, 2004). 

The current fee schedule is accessible from WEB site (ht^)://www.uspto.gov/main/howtofees.htm). 

]f the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in view 
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing 
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowance 
is to be filed on or after October 1, 2004 (or mailed with a certificate of mailing on or after October 1, 2004), the 
issue fee paid should be the fee that is required at the time the fee is paid. Sfig Manual of Patent Examining Procedure 
(MPEP) . Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response to 
the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue fee 
now due, then the difference between the issue fee amount at the time the response is filed and the previously-paid 
issue fee should be paid. See MPEP Section 1 308.0 1 . 

Effective October 1 , 2004, 37 CFR 1.18 is amended by revising paragraphs (a) through (c) to read as set forth below. 
Section 1.18 Patent post allowance (including issue) fees. 

(a) Issue fee for issuing each original or reissue patent, 
except a design or plant patent: 

By a small entity (Sec. 1.27(a)) $685.00 

By other than a small entity $1,370.00 

(b) Issue fee for issuing a design patent: 

By a small entity (Sec. 1.27(a)) $245.00 

By other than a small entity $490.00 

(c) Issue fee for issuing a plant patent: 

By a small entity (Sec. 1.27(a)) a $330.00 

By other than a small entity $660.00 



Questions relating to issue and publication fee payments should be directed to the Customer Service Center of the 
Office of Patent Publication at (703) 305-8283. 
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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1 . £3 This communication is responsive to the response of June 30. 2004 . 

2. K The allowed claim(s) is/are 1-17 and 25-39 . 

3. ED The drawings filed on 28 April 2004 are accepted by the Examiner. 

4. □ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a) □ All b) □ Some* c) □ None of the: 

1 . □ Certified copies of the priority documents have been received. 

2. □ Certified copies of the priority documents have been received in Application No. . 

3. □ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 

INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. □ CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) □ including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1 ) □ hereto or 2) □ to Paper NoVMail Date . 

(b) □ including changes required by the attached Examiner's Amendment / Comment or in the Office action of 

Paper NoVMail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such In the header according to 37 CFR 1.121(d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 
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Notice of Informal Patent Application (PTO-152) 


2. □ Notice of Draftperson's Patent Drawing Review (PTO-948) 
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Interview Summary (PTO-413), 


3. □ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 
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ALLOWANCE 

Election/Restrictions 

1 . Applicant's election of Group I, claims 1-17 and 25-38 in the reply filed on June 
30, 2004 is acknowledged. Because applicant did not distinctly and specifically point 
out the supposed errors in the restriction requirement, the election has been treated as 
an election without traverse (MPEP § 818.03(a)). 

Drawings 

2. The drawings were received on April 28, 2004. These drawings are acceptable 
and overcome the objections in the Office Action dated October 28, 2003. 

Examiner's Amendment 

3. An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

The application has been amended as follows: 

Claims 18-24 have been cancelled. 

The abstract has been replaced with the following abstract — 
Tubes within a radiant heating section of a coking furnace are arranged 
differently than in a single vertical column and connected together in a simple, planar 
serpentine pattern. The tubes are arranged in a plurality of offset or staggered vertical 
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columns. This arrangement permits the upper tubes to be close to the radiant heat 
source and also allows the tube bends connecting adjacent tubes to be of greater 
radius, so that the pressure at which the feedstock is passed through the tube bundle 
can be lower allowing more vaporization of the cracked process fluids. — 

4. The following is an examiner's statement of reasons for allowance: The 
declaration of Brian Jay Doerksen under 37 CFR §1.131 has been considered and 
found to overcome the effective dates of references Barnett et al. and Gibson et al. 
applied under 35 (JSC §1 02(e). 

5. Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Alexa A. Doroshenk whose telephone number is 571- 
272-1446. The examiner can normally be reached on Monday - Thursday from 9:00 AM 
- 7:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Glenn Caldarola can be reached on 571-272-1444. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 




-Alexa A, Doroshenk 
Examiner 
Art Unit 1764 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



97/026 



PATENT NO 
DATED 

INVENTOR(S) ; 



6,852,294 B2 

Feb. 8, 2005 

Brian Jay Doerksen 



It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Col. 7, line 45, after "horizontally" insert —and vertically—. 
Col. 8, line 23, after "horizontally" insert —and vertically—. 
Col. 8, line 65, after "horizontally" insert —and—. 



MAILING ADDRESS OF SENDER: Anne E. Brookes, Esq. 
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Intellectual Property Legal 
P.O. Box 2443 
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